21 Aim Changes in community composition resulting from environmental changes modify biotic 22 interactions and affect the distribution and density of local populations. Such changes are currently 23 occurring in nettle-feeding butterflies in Sweden where Araschnia levana has recently expanded 24 its range northward and is now likely to interact with the resident species (Aglais urticae and Aglais 25 io). Butterfly occurrence data collected over years and across regions enabled us to investigate 26 how a recent range expansion of A. levana may have affected the environmental niche of resident 27 species.
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Species distribution is determined by the interplay of multiple variables operating at different 149 spatial scales (Pearson & Dawson, 2003) . While at large scales, species distribution is limited by 150 physiological constraints mainly determined by climatic conditions, at small scales we expect their 151 distribution to be shaped by local variables such as land use and topography (Pearson & Dawson, 152 2003), as well as by direct and indirect biotic interactions (e.g. predation, competition, resources) . 153 Considering the extent of our study areas, i.e. two regions of Sweden, we expected local-scale 154 variables, namely topography and land use, to be the most relevant factors for investigating niche 155 differences between species and potential niche shifts.
156
Occurrence Data 157 We extracted occurrence data for A. urticae, A. io and A. levana from the Swedish Species 158 Information Centre at SLU (www.artportalen.se, accessed on the 18/09/2015, average precision 159 reported for the data ± se of 168m ± 2m), a public database of species records in Sweden. The
160
Artportalen database gathers opportunistic occurrence data (presence only) collected at 90% by 161 amateurs with no specific required training in species identification (Gärdenfors et al., 2014) and 162 who do not follow any specific protocol. For each species, we identify all grid cells for which the 163 species was recorded in each of the two time-periods and the two study regions. 164 For each period, we only considered species' presence across the selected grid cells, without 165 accounting for variation in the number of observations per cell as our main interest was to 166 determine species' occurrence patterns across the total available environment. In this way, we 167 reduced the potential bias associated with uneven sampling effort across sites (i.e. over-sampling 168 of more frequently visited sites). As a result of an overall growing interest for citizen science, both 169 the number of observations and the corresponding number of grid cells visited increased between 170 9 the first and the second period (Table S1 in Appendix S1). While the number of records is likely 171 to affect the extent of the environmental space sampled (surveyed), we are confident that the 172 sampling (reporting) effort for our study species was sufficiently high to limit this potential bias.
173
For the period 2009-2012, A. urticae and A. io Land use data were collected from Naturvårdsverket at an original 25m resolution 190 (https://www.naturvardsverket.se/). The land use classification followed the Corine Land Cover.
191

10
We extracted the percentage of the different types of land use (forest, open land, arable land, non-192 intensive agriculture, water body, and urban land) at 1km resolution grid cells. We also used 193 estimates of soil nutrient flow (in nitrogen and phosphorus) -which we used as a proxy for the 194 amount of nutrients available for plant root absorption -accessible from the SMED (Svenska Miljö 195 Emission Data, http://www.smed.se/) at an original resolution of the sub-catchment (municipality).
196
These estimates were modeled by means of simulation tools as well as measured data and 197 correspond to nitrogen and phosphorus loads to the water from diffuse sources across the whole Broennimann et al., 2012) . We performed two distinct analyses in each region to prevent 220 environmental differences inherent to these regions (mostly in agricultural activity) to mask the weights. 227 We further tested for niche equivalency and niche similarity (cf. Warren et al., 2008) . For that, we Table 1 ); which suggests that these species occupied the available environment 275 differently in both time-periods and regions (shifts in their centroid). In Skåne in the first period,
276
A. urticae occupied proportionally more areas with larger amount of forest per 1 km grid cells than 277 A. io, whereas A. io was more abundant in mixed habitats ( Fig. 4b top) . In the second period, the 278 prevalence of A. urticae slightly shifted in comparison to A. io from forested areas toward habitats 279 with increasing amount of agricultural and urban lands ( Fig. 4b bottom) . In Norrström and for both 280 periods, A. urticae and A. io prevailed in environments with higher amount of forest ( Fig. 2 ).
281
Niche shifts over time 282 The distribution of the three species shifted significantly over time in both regions, their 283 distribution in the environmental space being neither equivalent nor similar between the two time-284 periods (tests, p<0.05, Table 1 ). The largest shift was observed for A. levana in Skåne, for which 285 the overlap in the realized niche between periods was of 0.75. For the two native species these 286 shifts were comparatively smaller, the overlap in the realized niche of each species between periods 287 varied between 0.82 and 0.87 ( Fig. 5 ), but noticeable considering the short time scale of the study.
288
All shifts detected in the environmental space also corresponded to geographical shifts, as only 289 one layer of land use was available to cover both time-periods. For the recently established A. 290 levana, the observed shift in realized niche corresponded to a niche contraction as A. levana in the 291 first period seemed to have already colonized most of the available environmental conditions in 292 which the species occurred in the second period ( Fig. 3c ). In the second period, A. levana 293 preferentially occupied areas with larger amount of forest ( Fig. 5c bottom) . For the two native 294 15 species, the largest changes between the two periods were observed in Skåne ( Fig. 5a & b) . 295 Moreover, the extent of the environmental shift observed in Skåne was species-specific, being 296 larger for A. urticae (niche overlap=0.82, sd=0.052; Fig. 5a bottom) than for A. io (niche 297 overlap=0.83, sd=0.041; Fig. 5b bottom) . The shift was also more clearly directed for A. urticae 298 than for A. io ( Fig. 5a & b bottom) . By shifting its distribution away from areas with larger amount 299 of forest, A. urticae reduced its overlap with A. levana, which over time has densified its 300 distribution in these environments across Skåne (niche overlap=0.68, sd=0.121; Fig. 4c bottom) . 301 We observed the same pattern between A. io and A. levana, but to a lower extent (niche 302 overlap=0.68, sd=0.111; Fig. 4c bottom) .
303
DISCUSSION
304
The distributions of our focal species were described and compared along the two first axes of the 305 environmental PCA. In both regions, the first axis was shaped along a gradient from arable land 306 to more forested land and the second axis correlated with topographic parameters ( Fig.1a & b) .
307
Based on our knowledge of the ecological niche of our focal species, we are confident in the 308 description of the species' environmental niche revealed by our models. The method developed by wood hedges, and hedgerows (Asher et al., 2001; Haahtela et al., 2011) .
312
Yet, the method also identified differences in realized niches among species in each region and 313 within species over time. We used the measure of overlap and the results from the niche 314 16 equivalency and similarity tests between realized niches to infer the role of interspecific 315 interactions in shaping species distributions. The large overlap in the realized niches of the two 316 native species in both regions and time periods suggests that no clear negative interaction is 317 involved in the partitioning of the niche between A. urticae and A.io. Nevertheless, the fact that 318 the realized niches of species were neither equivalent, nor similar, suggests some level of non-319 random niche partitioning in the environmental space. Thus, while our results emphasized that the 320 two native species occupy the available environment differently, we could not identify a specific 321 environmental factor of niche differentiation. For example, we have observed in the field that A. 322 urticae tends to occupy more sun-facing slopes than A. io, but although we detected some effect 323 of aspect on species' distribution, the relatively coarse resolution of our data (1km grid cell) 324 prevents us to firmly support our field observations. Moreover, apart from the spatial component, 325 niche partitioning can also arise from, and in combination with, resource and/or temporal 326 partitioning (MacArthur & Levins, 1967) . Regarding resource partitioning, both A. urticae and A. 327 io larvae feed on the leaves of stinging nettles, whose availability is not limited over the season.
328
Stinging nettle has even been shown to expand due to human land use and nitrogen pollution 329 (Taylor, 2009) . Together with the lack of strong competition over resources, potential asynchrony 330 (temporal partitioning) in species phenology could also reduce the strength of a spatial signal in 331 the differentiation in species' realized niches.
332
The recently established A. levana overlaps with the realized niches of the native species and the 333 overlap decreased over time. In part, this decrease is likely a consequence of the described shifts 334 in realized niche of the three species over time. The largest shift was found for A. levana (in Skåne).
335
From the environmental conditions colonized by A. levana in the first period, we observed a 336 significant contraction in its realized niche in the second period toward habitats with a higher 337 amount of forest. This pattern suggests that the distribution of A. levana was not at equilibrium in 338 the first period and that it has progressively stabilized within habitats with a positive population 339 dynamic. We also found significant shifts in realized niches of the two native species over time, in 340 both regions. However, these shifts were most pronounced in Skåne where A. urticae, and to a 341 lower extent A. io, shifted their distributions away from forested areas towards habitats with higher 342 amount of agricultural and urban lands.
343
There are several processes that could explain these changes over time. The more pronounced shift 344 in the distribution of the native species in Skåne than in Norrström could partly reflect higher decreased overlap with the native species ( Fig. 4c & d) . This response may have been mediated S1 in Appendix S1) may form a continuous breeding ground to stimulate parasitoid population 366 dynamics, and they may result in a prolonged temporal niche for parasitoids (Blitzer & Welter, 367 2011). In a scenario of parasitoid-driven apparent competition, the phenologically late species is 368 expected to be the more vulnerable as its life cycle will coincide with an increase in parasitoid 369 population size (Blitzer & Welter, 2011) . In this study, the native species showed differences in 370 the magnitude of their shifts. The shift in the realized niche of A. urticae between periods was 371 stronger than for A. io, in terms of niche overlap. Niche partitioning was also stronger between A. 372 levana and A. urticae than with A. io. In the context of parasitoid buildup, this may seem 373 counterintuitive, as A. urticae is the earliest of the two native species. But because A. urticae is 374 bivoltine in Skåne, and produces a second brood later in the season (Fig. S1 in Appendix S1), 375 parasitoid populations may continue to build up over the season and result in the highest parasitoid 376 load for the second brood of A. urticae. Although we have no direct data to support the hypothesis 377 of parasitoid-driven niche differentiation, the circumstantial evidence is suggestive, and is further 378 reinforced by the observation that A. levana appears to share more parasitoids with A. urticae than 379 with A. io, based on the limited information available (Shaw et al., 2009) . 
388
It is also possible that differences in the way these species are able to adjust to the quality of their (Serruys & Van Dyck, 2014; Audusseau et al., 394 2015; Merckx et al., 2015) . Changes in microclimate have been shown to differentially affect the 395 decline of butterfly species' following climate change (Wallisdevries & van Swaay, 2006) and to 396 modify butterflies' habitat associations (Davies et al., 2006) . We call for field experiments to 397 understand, at a finer spatial-scale, the differences among species in their optimal microclimatic 398 niche.
399
The method used was successful in handling the potential bias related to the non-standardized 400 sampling design associated to occurrence data extracted from the public database. Indeed, while 401 most observations were recorded in urban areas, the highest densities of occurrence of the two 402 20 native species based on the grid cell analysis were found in forest habitats (Figs 2 & 3) . In addition, 403 the lower number of species records in the first period did not seem to have affected our capacity 404 to extract the main components of the realized niches as their shapes and centroids were consistent 405 through time. Hence, we consider that using occurrence records from citizen-science databases 406 offer great opportunities for investigating the realized niches of species and differences between 407 them, as long as the biological relevance of the modelling results is carefully considered. The 408 results of the method we used to characterize the realized niches of the focal butterfly species was 409 consistent with our knowledge of the species, and we recommend using occurrence data associated 410 with species and regions of high sampling effort in order to get more robust predictions. Such 411 regions often correspond to more densely populated areas as the reporting effort in citizen-based 412 monitoring programs is strongly related to the number of participants.
413
In conclusion, we found indications of niche partitioning among the three species and consider 414 that the observed shifts in species environmental niche were partly driven by the recent changes in 
